The objective is to investigate the relationships between fruit and vegetable intake, DNA repair gene polymorphisms and the risk of bladder cancer. We have analyzed a hospital-based case-control study of 266 individuals with incident, histologically confirmed bladder cancer diagnosed between 1994 and 2003. Controls (n 5 193) were patients treated for benign diseases recruited daily in a random fashion from the same hospital as the cases. All cases and controls were interviewed face-to-face for major risk factors, along fruit and vegetable consumption. Odds ratios (ORs) for fruit and vegetable intake and DNA repair gene polymorphisms were adjusted for age and smoking status, using unconditional logistic regression. A statistically significant decreased risk was observed for fruit and vegetable intake above median (versus below the median) [unadjusted OR 0.61, confidence interval (CI) 95% 0.50-0.96 and OR 0.54, CI 95% 0.39-0.80, respectively]; the decreased risk persisted after adjustment for age and cigarette smoking (OR 0.73, CI 95% 0.49-1.01 and OR 0.86, CI 95% 0.56-1.08, respectively). The fruits and vegetables associated with decreased risks included leafy green vegetables, cruciferous vegetables, apples and citrus fruits. We did not find any interactions between DNA repair gene polymorphisms and fruit and vegetable intake. This study found a reduced risk associated with fruit and vegetable intake. No interaction was observed between fruit and vegetable consumption and DNA repair gene polymorphisms.
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Introduction
Bladder cancer is the most common cancer of the urinary tract and is the ninth most common cancer among men, accounting for $330 000 new cases per year in the world (1) . The incidence of bladder cancer varies considerably among countries (2) ; in general, the highest incidence rates for bladder cancer are in Western Europe, North America and Australia. Bladder cancer incidence increases with age, occurring rarely before the age of 40 years. Since the developed countries' population is ageing, the burden of bladder cancer will increase in the next decades. Therefore, bladder cancer prevention is a high-priority public health issue.
Some important causes of bladder cancer, such as cigarette smoking and occupational exposures, have been known for a long time (3) . At present, the evidence on the role of dietary factors is still controversial. As for other cancers, it has been suggested that dietary fruits and vegetables may play a protective role (4) .
A meta-analysis on diet and bladder cancer (5) (based on seven case-control studies and three cohort studies) concluded that total fruit consumption is probably associated with a small decrease of the risk [smoking adjusted relative risk 0.53, confidence interval (CI) 0.26-0.75, subjects with high fruit consumption versus subjects with low fruit consumption]. However, no association was found for total vegetable intake. With respect to the types of fruits and vegetables consumed, studies have yielded inconsistent results. Yet, at least one cohort study and one case-control study reported reduced risks for a high intake of cruciferous vegetables, with relative risks of 0.49 (CI 95% 0.32-0.72) and 0.79 (0.62-1.01) (7), respectively. Different mechanisms have been proposed to account for the potential protective effect of fruits and vegetables on several types of cancer, including their antioxidant properties. We hypothesized that individuals with higher exposures to carcinogens, with lower consumption of dietary protective compounds, such as fruits and vegetables, and having DNA repair genotypes with decreased activity could be at higher risk of developing cancer.
Environmental and occupational chemical carcinogens, such as polycyclic aromatic hydrocarbons, aromatic amines and Nnitroso compounds, form DNA adducts repaired primarily through the nucleotide excision repair pathway [e.g. xeroderma pigmentosum-D (XPD) gene and excision repair complementing defective in Chinese hamster, group 1 (ERCC1)]. These agents can produce interstrand cross-links repaired by genes involved in both nucleotide excision repair [e.g. ERCC1 and ERCC4] and homologous recombinational repair [e.g. X-ray repair cross-complementing group 2-3 (XRCC2-3)] pathways. Reactive oxygen species also can induce base damage, abasic sites, single-strand breaks and double-strand breaks: Singlestrand breaks are repaired through the base excision repair pathway [e.g. XRCC1 and proliferating cell nuclear antigen (PCNA)], whereas double-strand breaks are corrected by either homologous recombination (e.g. XRCC2-3) or non-homologous end-joining pathways. Hundreds of polymorphisms in DNA repair genes have been identified; however, the effect on repair phenotype and cancer susceptibility remains uncertain for many of these [see also dbDNP database: http://www.ncbi.nlm. nih.gov/SNP/; (1-3)]. We investigated genetic polymorphisms that could be relevant to the bladder carcinogenetic process particularly in individuals with higher exposure and lower consumption of dietary protective compounds. 
Materials and methods

Subjects
We conducted a hospital-based case-control investigation at three urology departments of S. Giovanni Battista hospital in Turin, which treat roughly half of the newly diagnosed bladder cancers in the Turin metropolitan area. The case group comprised men, aged 40-75 years, residing in the Turin metropolitan area with newly diagnosed, histologically confirmed bladder cancer treated from 1994 to 2003. Cases were identified by daily contact between a trained interviewer and the urology departments followed by histological confirmation from the pathology departments. Controls were recruited daily in a random fashion (i) from patients treated at the same urology departments for nonneoplastic diseases, mainly prostatic hyperplasia and cystitis (all newly diagnosed), and (ii) from patients treated at the medical and surgical departments for hernias, vasculopathies, diabetes, heart failure, asthma or other benign diseases (none was represented in .10% of controls). Patients with cancer, liver or renal diseases and smoking-related conditions were excluded. As with cases, controls were men aged 40-75 years and living in the Turin metropolitan area.
Before treatment, a trained interviewer used a standard questionnaire to conduct a face-to-face interview with cases and controls on their history of tobacco smoking (including brands and tobacco type), occupational history and a 24-h dietary and medication use recall. Following informed consent, and prior to treatment, blood was collected from cases and controls.
Additionally, we use a 22-item food frequency questionnaire (FFQ) to assess fruit and vegetable consumption. The questionnaire asked for the average number of servings of fruits and vegetables consumed each day, week or month of a specified portion size (e.g. one half dish, a cup, one fruit). To examine food groups, such as total intake of fruits and vegetables, frequency of consumption we summed across all foods belonging to that group. This questionnaire was a simplified version of the European Investigation into Cancer and Nutrition (EPIC) questionnaire that was validated in our population (8) . The average Italian servings of endpoint food items have been estimated by the EPIC 24-h dietary recall questionnaire.
Out of the 741 interviewed subjects, DNA was available from 317 cases and 317 controls. However, genotype data do not sum up to the total for all the analyzed polymorphisms due to different assay efficiencies and in some cases exhaustion of DNA samples during the course of the study. The FFQ, introduced only in recent phases of the study, was available for 266 cases and 193 controls.
DNA repair gene polymorphisms. White blood cell (WBC) DNA was isolated and purified from stored buffy coat samples by enzymatic digestion of RNA and proteins, followed by phenol-chloroform extraction for the first half of the collected samples (9) and by salting-out procedure for the second half of the study (10) .
We used a variety of genotyping techniques, using the most efficient (i.e. cost effective) approaches for a given single nucleotide polymorphism (SNP). For some SNPs, we genotyped half the sample with a technique and the other half with a different technique because during the years we had the opportunity to access new techniques and set up new methodologies, allowing us also to maximize the DNA use.
PCR-RFLP analysis. Polymerase chain reaction (PCR) followed by enzymatic digestion was used for genotyping of the XRCC1-28152 (Arg Primer extension/sequencing. A multiplex reaction was performed using a primer extension reaction followed by fragment analysis (SNaPshot technique, Applied Biosystems, Foster City, CA) on an automated sequencer ABI PRISM 310 (Applied Biosystems). Two polymorphisms in the ERCC4 gene were amplified in the same PCR fragment: ERCC4-30028 (Ser 835 Ser, 30028 T.C) and ERCC4-30147 (Glu 875 Gly, 30147 A.G); in this analysis, the following extension primers were used: ERCC4-30028 5#-GGCCATTACAGCAGATTC-3#, ERCC4-30147 5#-ATTAGCAGCCCTG-CACAAGACGA-3#.
DNA typing quality control
Methodological validation included a comparison between the PCR-Restriction Fragment Length Polymorphism, DHPLC and TaqMan assays. Moreover, at least 10% of the genotyping was randomly repeated for each polymorphism. Concordance was in the range between 99 and 100% for all comparisons.
Statistical analyses
Odds ratios (ORs) and the corresponding 95% CIs were computed by unconditional logistic regression methods, and adjusted for age, smoking status (current, former, never) and maximum number of smoked cigarettes. In addition, we analyzed DNA repair genotypes stratified by intake of fruits and vegetables (above/below median value). All analyses were performed using the SAS V8 package for personal computers (SAS, Inc. Version 8.2, Cary, NC).
Results
We analyzed fruit and vegetable consumption and DNA repair gene polymorphisms for 266 male bladder cancer patients and 193 male hospital controls. Table I shows the distribution of selected variables by case-control status. As expected, smoking was a strong risk factor in bladder cancer with an increasing trend in risk for ex-smokers and current smokers. Higher (i.e. above the median) vegetable and fruit consumption was associated with a reduced bladder cancer risk. The unadjusted ORs for above-median consumption of fruits and vegetables were statistically significant (OR 0.61, CI 95% 0.50-0.96 and OR 0.54, CI 95% 0.39-0.80). However, after adjustment for age, smoking status and smoking behavior in the unconditional logistic regression model, the OR remained below one but was no longer statistically significant (OR 0.73, CI 95% 0.49-1.01 and OR 0.86, CI 95% 0.56-1.08).
The ORs (adjusted for age and smoking) for specific vegetables and fruits are shown in Table II . Reduced ORs were observed for above-median intake of leafy green vegetables (spinach, lettuce, chard) (OR 0.76, CI 95% 0.49-1.16), cruciferous vegetables (broccoli, cabbage, cauliflower, brussels sprouts) (OR 0.71, CI 95% 0.40-1.17), apples (OR 0.63, CI 95% 0.39-0.99) and citrus fruits (oranges, tangerines, grapefruit) (OR 0.92, CI 95% 0.59-1.14). In a combined analysis of cigarette smoking and fruit and vegetable consumption, we found a significantly increased risk of bladder cancer among 'current smokers' with fruit and vegetable intake below the median (Table III) . The risk of bladder cancer among 'current smokers' was reduced among individuals with fruit and vegetable consumption above the median. Lastly, the association with fruit and vegetable intake was absent among 'never smokers' (P-value of interaction 50.09).
No interactions were found between fruit and vegetable consumption and DNA repair gene polymorphisms (Table IV) . The allele frequencies of the analyzed DNA repair SNPs were comparable to those of other Northern Italian populations, but were not directly comparable to those of other European populations (13) .
Discussion
In agreement with previous studies, our study supports a protective effect of fruit and vegetable intake on bladder cancer development (5) . There are several potential mechanisms by which fruits and vegetables could influence bladder cancer risk. These include (i) increased antioxidant activities, (ii) promotion of cell differentiation, (iii) increased activity of detoxifying enzymes, (iv) blocked formation of nitrosamines, (v) effects on DNA methylation, (vi) maintenance of normal DNA repair, (vii) increased apoptosis of cancer cells and (viii) decreased cell proliferation.
Emerging data indicate potential anticarcinogenic effects of specific micronutrients in fruits and vegetables. For instance, some studies have suggested that flavonoids, a class of phytochemicals ubiquitous present in fruits and vegetables, modulate the expression of the CYP family of genes involved in carcinogen activation and detoxication (5, 14) . Further, carotenoids have shown a wide range of effects in in vitro systems, including enhancement of DNA strand break repair in mouse lymphocytes following c-ray irradiation, reduced proliferation of aortic smooth cells and suppression of N-myc RNA synthesis in human neuroblastoma cell lines arrested in G 0 (14) . Antioxidant properties of vitamins C, E and b-carotene are hypothesized to result from scavenging free radicals, and thus breaking the oxidative chain reaction that can lead to cellular and DNA damage (16) . In vivo intervention studies, Smoking þ, ever smoker; smoker À, never smoker. Fruit þ, monthly consumption of fruit above the median; fruit À, monthly consumption of fruit below or equal to the median. Vegetables þ, monthly consumption of vegetables above the median; vegetables À, monthly consumption of vegetables below or equal to the median.
Intake of fruits and vegetables, DNA repair polymorphisms and bladder cancer based on dietary supplements, only rarely find a clear association between intake of a specific nutrient and a biological effect. This may be due to the different doses used in in vitro tests and in vivo dietary interventions. Moreover, in vivo effects may be exerted by the combination of nutrients in food, rather than a single component. DNA repair capacity can be assessed by mRNA or protein levels or by enzyme activity, where mRNA levels probably reflect an altered cellular state of enhanced DNA repair gene transcription consequent to oxidative stress. At least three studies have found no change in OGG1 mRNA expression after ingestion of kiwi fruit (17) , fruits and vegetables (18) or oral supplements containing vitamins C and E (19) . Each of these was a long-term study. The short-term effects of antioxidants could include transient upregulation of OGG1 mRNA expression, although this has not been studied as yet. Despite unaltered OGG1 mRNA expression, the repair activity of 8-oxodG lesions appears to be increased by kiwi fruit ingestion (17) . Also supplementation of 100 mg/day of coenzyme Q10 for 1 week increased 8-oxodG DNA repair activity. Of interest, dietary supplementation with cooked carrots increased 8-oxodG repair activity in WBCs, whereas the similar amount of a-carotene and b-carotene as oral supplements had no effect (20) . This supports the hypothesis that whole food products rather than single antioxidants may have beneficial chemopreventive effect.
We previously reported findings of a relationship between fruit and vegetable consumption and DNA-adduct formation in a subsample of this case-control study on bladder cancer (9) . The level of WBC DNA adducts decreased with higher levels of fruit and vegetable consumption; additionally, the association between the case-control status and level of adduct formation (below or above the median value) was stronger in subjects who consumed fewer than two portions of vegetables per day (OR 7.80, CI 95% 3.0-20.3) than in those who consumed two or more or three or more portions a day (OR 4.98 for consumers of two portions/day; OR 2.0 for consumers of three or more portions/day).
In the present study, we found a statistically significant reduction of bladder cancer risk among subjects whose vegetable/fruit intake was above the median (versus below the median) for the following items: leafy green vegetables, cruciferous vegetables, tomatoes and citrus fruit. However, we did not find any interaction between fruit and vegetable consumption and DNA repair gene polymorphisms, although we previously did detect a possible role of DNA repair gene polymorphisms in bladder cancer (11, 22) . We had hypothesized that the protective effects of fruits and vegetables might be greater in subjects with poorer DNA repair capacity, particularly if they were exposed to environmental or endogenous carcinogens. The lack of support for this hypothesis in our study suggests that impairment of the DNA repair response may be less sensitive to DNA damage modulation by dietary antioxidant compounds, or that the DNA repair gene polymorphisms we have considered are not strongly involved in bladder carcinogenesis. Thus, the investigation of more SNPs and more genes might be useful and possibly exploiting a linkage disequilibrium approach by selecting haplotype-tagging SNPs that cover a whole gene region, particularly in the absence of sufficient functional data on the SNPs analyzed.
An important limitation of this study is the lack of an experimental design (i.e. randomized controlled trial). However, intervention studies with continuous ingestion of antioxidants have shown mixed results with respect to effects on oxidative DNA damage in WBCs, possibly due to problems with design, statistical power and period effects (23) . In future studies, care should be taken to consider individual differences in effects, i.e. due to gender, genetic variation in defense enzymes as well as DNA repair capacity.
